Introduction
Protracted periods of fetal tachyarrhythmia (supraventricular tachycardia, atrial flutter and atrial fibrillation) may cause congestive heart failure and fetal death in the presence of non-immune hydrops fetalis. If there are contraindications to immediate delivery, such as fetal immaturity, transplacental therapy of the fetus can be achieved by administering antiarrhythmic agents that can cross the placenta to the mother. This has proven to be successful in a number of cases [1, 2, 9, 11, 13] .
Publications on fetal tachyarrhythmia and our own observations show that, particularly in tachyarrhythmias with advanced states of non immune hydrops fetalis, transplacental antiarrhythmic therapy of the fetus produces either no or only a temperary cardioversion in which the hydrops fetalis remains constant or continues to increase. In such fetal emergency conditions it seems advisable to give antiarrhythmic agents directly to the fetus in addition to the transplacental route. In the presence of marked ascites the intraperitoneal administration of antiarrhythmic drugs using ultrasound monitoring is technically simple, can be repeated and is most effective. This will be demonstrated on the basis of the following two cases with supraventricular tachycardia or atrial flutter, both associated with severe hydrops fetalis. Therapy: Rapid digitalization with beta-methyldigoxin (digoxin level of January 31, February 3, 1986: 1.0 ng/ml). There was sustained SVT, in creasing ascites (figure 1), presence of skin edema and rapidly advancing pericardial effusion (figures 2 and 3) even after additional daily oral administration of 360 mg verapamil.
It was decided to administer antiarrhythmic therapy directly to the fetus: from February 4, 1986 (72+2 weeks gestation) up to February 14, 1986 (28 + 5 weeks gestation) 12 intraperitoneal administrations of antiarrhythmic agents were carried out (except for February 8, 12, and 13, 1986 in the morning as well as in the evening) with the following doses being used: 10 g betamethyldigoxin and 1 mg verapamil, and, in the last 4 punctures, an additional 7-10 mg propafenon. Within 5-15 minutes after these interventions cardioversion with sinus rhythm of 150 bpm was established, lasting a few hours, max. 36 hours. The digoxin concentration measured in the ascites fluid prior to the administration of drugs was between 0.6 ng/ml and 1.0 ng/ml. During this time the fetus became active again; in the meantime the maternal digoxin level could be increased to values between 1.4 ng/ml and 1.6 ng/ml; starting on January 12, 1986 the mother was given an additional 450 mg propafenon daily along with methyldigoxin and verapamil together with maintenance therapy of 400 g betamethyldigoxin. From February 15, 1986 (28 + 2 weeks gestation) a constant sinus rhythm was recorded following oral medication (300 g betamethyldigoxin, 360 g verapamil and 450 mg propafenon daily). A further increase in the dose of digitalis was not possible due to maternal signs of toxicity (first-degree AV-block, nausea, vomiting); there was no evidence of pericardial effusion on February 21,1986 (29 + 5 weeks gestation), the ascites decreased slowly and had disappeared by the time of outpatient monitoring on March 26, 1986 (34 + 3 weeks gestation). On April 10, 1986 (36 + 5 weeks gestation) there was a spontaneous vaginal delivery: female infant 3080 grams, 50 cms long. Apgar score: 8/7/9 at 1, 5 and 10 minutes. After delivery the arrhythmia dit not reoccur even though the antiarrhythmic therapy was discontinued. The child was treated with phenobarbital because of suspected seizures occuring twice in the neonatal period but is otherwise in good condition and has developed appropriately by age.
Case 2:
A 23 year-old gravida 2, para 1, during the 33th week of gestation was admitted on August 29, 1986 because of bradyarrhythmia and nonimmune hydrops fetalis with ascites and skin edema, cardiomegaly and a hydropic placenta.
Sonographic findings include: immobile fetus, atrial nutter at 300 to 350 bpm with 1 : 1 AVconduction and periodic 2: 1 AV-block; non-immune hydrops fetalis with massive ascites and slight skin edema, cardiomegaly, dilated veins, hepatomegaly, normal volume of amniotic fluid, slightly hydropic placenta (biparietal diameter: 90 mm, fronto-occipital diameter: 73 mm, abdominal transverse diameter: max. 130 mm; heart (short axis at AV-valve level): 60 mm).
Pulsed and 2-dimensional color Doppler-echocardiography showed severe regurgitation of the mitral and tricuspidal valves, possibly as a consequence of the pronounced dilatation of the cardiac structure. Therapy: Rapid digitalization of the mother with betamethyldigoxin and additional daily oral administration of 900 mg propafenon (maternal digoxin level: on August 30, 1986: 1.6 ng/ml, on September 1, 1986: 2.7 ng/ml and on September 4, 1986: 1.6 ng/ml); because of the poor condition of the fetus it was decided to treat it directly. On August 30, 1986 150 ml of ascites was aspirated and intraperitoneal instillation of 18 g betamethyldigoxin and 2 mg propafenon was performed. Eight minutes later, a sinus rhythm of 150 bpm was recorded several times for 5 -20 seconds. On August 31, 1986 there was an intraperitoneal administration of 10 g betamethyldigoxin and 2 mg propafenon. The atrial flutter persisted despite these measures, but on August 30, 1986 there was a constant 2:1 conduction block so that the ventricular frequency was 150 bpm. The color Doppler-echocardiography demonstrated better contractility with only slight regurgitation in the AV-valve area; the fetus became more lively, the effusion no longer increased. Unfortunately, because of the undesirable sympathomimetic cardiac effects in this case, high-dose intravenous tocolysis (max. 4 g fenoterol/minute) had to be given from the day of admission because of early cervical dilatation. When the tocolysis was reduced, there was silent cervical dilatation to 5 cms in diameter. On September 6, 1986 (34th week gestation) immediately after prepartal aspiration of 300 ml ascites the delivery was carried out by cesarean section: hydropic female infant, 3650 grams, immediate intubation and respiration. Apgar score 2/4/7/7 at 1, 3, 5 and 10 minutes (digoxin concentration 17 hours after the last drug administration: maternal blood: 1.4 ng/ml; umbilical vein blood: 1.2 ng/ml). Following delivery and antiarrthythmic therapy, there was cardioversion of the neonate, sinus rhythm in a normal frequency and subsequent reduction of the ascites and skin edema. Later thereby, discontinuation of drugs and discharge. Through January 9,1987 there has been normal growth and development.
Discussion
Intrauterine therapy of fetal tachyarrhythmia has out up to now been carried by the transplacental route. Antiarrhythmic agents administered to the mother reached the fetal compartments through the placenta. Agents of first choice with good .placental crossing ability are the cardiac glycosides, which have not only an antiarrhythmic but also an positive inotropic effect. Also used are verapamil, propanolol, propafenon and in some cases, quinidine, procainamide, amiodarone and flecainide. On the one hand, when the latter antiarrhythmic agents are used, undesirable effects in the fetus may occur, particularly with already existing cardiac insufficiency due to the negative inotropic effects of some of these antiarrhythmic agents. It is still relatively unclear whether and to what extent these drugs cross the placenta [1, 2, 5, 11, 12, 13] .
Successful cardioversion of fetal tachyarrhythmia by transplacental administration of antiarrhythmic agents has been described frequently. In the cases of advanced cardiac decompensation with the signs of severe non-immune hydrops fetalis, it would appear that this therapy seldom leads to constant cardioversion and remission of the fluid accumulation, even with high dose drug therapy. This could be due to the following: The early appearance of undesirable side effects from the antiarrthythmic agents to the mother which would not permit the dose to be increased; the transplacental crossing of the drugs from the maternal to the fetal compartments is hampered, viz. due to the abnormal state of the fetal circulation in cardiac insufficiency which may also lead to placental changes resulting in hydrops placentae; the insufficient "sick" fetal heart is a poor responder to the antiarrhythmic therapy compared to that of an unaffected heart; in some cases, a sufficient drug level may not be reached if the fetus has already died prior to therapy; antiarrhythmic agents which are normally efficacious do not reach an effective level in the fetal compartments since they cannot or only cross the placenta in a limited manner. All of these considerations make it seem favorable to carry out direct antiarrhythmic treatment of the fetus at least in the case of manifest heart failure. In the therapy of rhesus incompatibility the direct treatment of the fetus in the form of intraperitoneal blood transfusion has been reported by LILEY [10] in 1963. HANSMANN and LANG [6] did this for the first time using ultrasound monitoring in 1972. At present ultrasound guided direct interventions in the fetus are so highly developed that, for example, fetal effusion can be aspirated and fetal vessels punctured for diagnostic blood analysis or intravascular transfusion and exchange transfusion [3, 4, 7, 8] . Intravascular administration of antiarrhythmic agents can be carried out by ultrasound guided injections in the umbilical vein. This is technically difficult and in individual cases impossible, depending on the unfavorable location of the fetus and the placenta or the umbilical cord connection. In fetuses eligible for antiarrhythmic direct therapy with non-immune hydrops fetalis, there is always some ascites, so that an intraperitoneal administration of anti-arrthythmic agents is technically simple and can be easily repeated. In our first case, using concomitant high dose transplacental therapy, sustained periods of sinus rhythm of varying duration were observed 5 -15 minutes after 12 intraperitoneal administrations of antiarrhythmic agents. This it may be assumed that the resorption of drugs from the ascites takes place rapidly. In the second case, 8 minutes afer injection, there was only a very brief period of sinus rhythm with a following flutter. Due to the apparently very rapid resorption of the drugs from the ascites we did not substantially exceed the dosing amounts for intravenous injections in the intraperitoneal administration of antiarrhythmic agents, in order to avoid fatal intrauterine effects which are difficult to monitor since we were unaware of the concentrations previously reached by the transplacental route in the fetal compartments.
Conclusion
Indications for direct administration of antiarrhythmic drup directly into the peritoneal fluid of the fetus, in addition to transplacental therapy, must include fetal emergency states due to nonimmune hydrops fetalis secondary to tachyarrhythmia. By doing this, it is possible to reach high concentrations of antiarrhythmic agents in the fetal compartments more rapidly than by the transplacental route particularly in the case of drugs that only limitedly cross the placenta. Intraperitoneal therapy is also optimal therapy when no further increase in the dose of oral medication is possible due to side effects which might jeopardize the health of the mother. In such case, intraperitoneal administration of antiarrhythmic agents is an effective, technically simple, option which can be repeated at short intervals.
Summary
In cases of fetal tachyarrhythmia with congestive heart failure accompanied by signs of non-immune hydrops fetalis, the transplacental treatment of the fetus with antiarrhythmic agents by administration of drugs to the mother is only rarely successful. In the two cases reported, the cardioversion of a supraventricular tachycardia to a sinus rhythm or a constant 2 :1 AV conduction block to a 1 :1 AV conduction with atrial flutter could only be achieved after additional antiarrhythmic treatment directly administered to the fetus using ultrasound guidance. Drugs used include: beta-methyldigoxin, verapamil, propafenon. and they were administered according to the dosing amounts for intravascular injections.
This was carried out 12 times in case 1 by the intraperitoneal route into the fetal ascites and twice in case 2. This led in both cases to varying durations of a sustained sinus rhythm after 5 -15 minutes. This technically relatively simple procedure affords the option of rapidly achieving high concentrations, even when antiarrhythmic agents are administered which do not adequately cross the placenta. This direct treatment is indicated in cases of tachyarrhythmia with advanced signs of non-immune hydrops fetalis as a supplement to the high-dose transplacental therapy using antiarrhythmic agents.
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